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Abstract— As the applications and commercial uses of 
millimeter- and submillimeter-waves grow, we should take a 
more detailed look at the impact this frequency range has on 
biological systems. This paper examines one specific effect of 
low-level (10-50 times the MPE - maximum permissible 
exposure) 60 GHz CW RF power on cells – the opening of voltage 
sensitive cation channels. 
I. INTRODUCTION AND BACKGROUND
HE proposed widespread use of millimeter wave 
generators for wireless telecommunications [1] should 
have prompted renewed scientific interest in the effects of this 
wavelength range on biologic materials and organisms. Yet 
there is little or no funding from US Federal Agencies, and by 
extension, very few research groups working in this area. 
Several recent investigations outside the US [e.g. 2-3] have 
noted significant impact from millimeter wave exposures that 
are not that much higher than the current MPE limits of 
1mW/cm2. In at least one set of experiments [4] millimeter 
wave heating of skate skin had the opposite effect on nerve
activity as general radiant heating, causing a suppression of 
neuronal firing rather than an enhancement. Higher levels of 
power (61 GHz, 190mW/cm2) have resulted in the appearance 
of cation channels in snail neuron membranes [5].
II. EXPERIMENTS
In our experiments we have begun to examine the impact of 
modest levels of RF power (10-100 mW/cm2) on specific cell 
processes, with the hope that at least some of these processes 
can be controlled with the application of millimeter waves.  As 
a first step to understanding where the RF energy distributes in 
a microscopic region in and around cells, we developed a 
non-contact method of monitoring the temperature of 
individual live cells in media. The technique uses microscopic 
Raman spectroscopy to monitor temperature dependent 
changes in the O-H vibrational modes of water at optical 
wavelengths, where penetration and scattering is not a serious 
issue as it is in IR spectroscopy. We were able to correlate and 
record changes in the measured spectra of DI water, cells in 
RPMI (Roswell Park Memorial Institute) media and cells in 
PBS (phosphate buffered saline) as the temperature was 
changed from 25-40C.  We were also able to record the 
temperature rise of cells in RPMI when exposed to modest 
levels (up to 100 mW/cm2) of millimeter wave power for 2 
minutes, and showed that these temperatures were higher than 
those that would be recorded by a commercial IR camera 
focused on the cells plus the surrounding media. 
In a more recent experiment, still preliminary at this 
juncture, we transfected the peGFP-F vector into an 
immortalized line of human derived lung cells (designation 
H1299). The resultant fGFP (farnesylated Green Fluorescent 
Protein) locates on the inner cell membrane where it fluoresces 
green (520nm) upon exposure to UV (490nm). Using oxonol as 
a quenching agent in the surrounding media we performed a 
single FRET (Förster resonance energy transfer) experiment to
look for the appearance of nanoporation or cation channels in 
the cell membrane upon exposure to millimeter waves. If the 
oxonol traverses the membrane the resulting fluorescent 
signature shifts from green to red according to the FRET 
process. The figure below shows the results of the experiment,
where not only did the millimeter-waves (50 GHz at 
approximately 15mW/cm2 for 2 minutes) induce ion channels 
to open up, but they allowed the channels to reseal upon 
cessation of the RF exposure after 3 minutes.
Although only a single experiment has been performed to 
date the data is intriguing enough to lead us to conclude that 
millimeter waves may indeed have more subtle effects upon 
biological systems than may have previously been thought. 
Many more experiments (and proposals) are planned.
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